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A FLIGHT INVESTIGATION OF THE SPINNING OF THE F4B-2 BIPLANE WITH
VARIOUS LOADS AND TAIL SURFACES

By N. F. SCUDDERand OSUARSIIIDMAN

SUMMARY

A jiight inrestigaiion of the spinni~ of the E@-s
single-seut jighier airplune wm made for tlu purpose
of jinding modijicatti hzt wowk? eliminuie dungercm
spin tendencies avhibited by this type of airplane in
serviw. The eJect3 on steady epim3 and on recover-
ies Oj changing the loading, &rging the jin arem,
changing th elenztor plun form, and Taimkg the hori-
zontal surfaces, were determined. Fwe jin sizes, two
elevator plun forma, and three vertical powli.oiw of the
horizontal vurfaces were tested with four airplane load-
ings Correspondh.g to differen$ service conditions for
which the airplane may be wed. The efect on recovery
of cariou.s methods of control manipulation and the
immediate e$eci on carioua spin parameters of deflecting
one or more oj the conirok from the n.onnul setting were
ddermind. The jbigld redts were an.ulyzd and com-
pared unlh tlu resuh of spinnkg-balunce tests of a
model of the subjeci airp.?.wu.

The varidionx of loading did not materially a$ect the
8teudy spin or the recovery. Increa.si~ the jin area
progressively improved me of recovery but had little
e$ect on tha steudy spin; and modif~ng the elevator to
diminish interference had little benq%%l eJed. Rating
th horizontal surfaces gave the most pronounced bene-
W e$ect on recov~, making possibk recoveries in
k218than 0n4 turn. Tha alteratimls made to the hori-
zontal and vertical swfa.c.a for the teds did not introdme
Undesirable $ying characteristics. Flight tests and
model tests were in general agreeme~ M there were
apparent dixcrepancks in certain details, parti.cularl~ in
regard to thi3 Comparative merits of sever~ ways of
manipul.aiing the controls for recovery.

Dangerow spirw were encountered duri~ the teete
m a reswlt of d~luci~ the controls, partimdurly the
*, awayfrom the usuul position for the normal spin.
observations of the manner in which ttie dangeroIM
epiw were started indi..cded the probable condiii.orM under
which trouble had been ezperiencw? with this airplane in
service.

INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Department, a series of teds of the spinning of the
F4B-2 airplane was undertaken by the National Ad-
visory Cknnmittee for Aeronautics. Information was
desired regardimg the simplest means of satisfactorily
ccmecting the bad spin characteristics that this type
of airplane had exhibited in swvice. I?ollowirg the
completion of the tests specifically requested, which
were reported to the Bureau of Aeronautics in Janu-
ary 1933, further tests of a more general nature were
made rIspart of the spin-research program being con-
ducted by the N. A. C. A. Part of this work was the
measurement, by means of the spinning balance, of the
forces and moments acting on a model of the airplane
during spinning motion. The model tests have been
reported in reference 1; the present report gives an
account of all the flight tests.

The flight teats permitted n comparison between the
eflects on the spin of 4 different service loading ccn-
dition9j 5 different fi areas, 2 elevator plan forms, 3
diilerent stabilizer rmd elevator locations, and various
amounts of rudder deflection. Four d.iflerent classes
of measurements and observations were made: The
number of turns required for recovery were deter-
mined for every condition tested; records were made
for the steady spin and analyzed for their agreement
with previous te9t9; time histcriw of seven of the
spinEwere prepared to show the immediate effects of
control-surface displacements; and, in every case in
which circumstances indicated the advisability, ob-
servations were made regarding the effect of the
chwges to the airplane on handling characteristics in
normal and acrobatic flying.

The study of the effects of the foregoing modifica-
tions was facilitated by having available the results of
spinning-balance teds on a model of the airpkme with
two of the fin and rudder combinations used in flight
(reference 1) and the results of tests on another model
(reference 2) with the horizontal surfaoes mounted in
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-Areas -
\Vings:upper(includ-

Sq. ft.

ing ailerons) --l4l.4
Wings: Iower(through

fuse lage)-- 94.7
Total ---- ----- 236.1

Ailerons, total---- --- 14.68
Stabilizer ----------- 19.9
Elevators, standard
(including balance) -- 17.88

Elevatore, modified
(including balance)-- 18.14

-Control deflections-
Aileron up-----------22.8”

. down --------16.3”
Elevator up---------28.3”
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.

--------------
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Rudder. normal ---------------------------kZ3”
stops moved tmck, stand- elevator *34”

. . modified - *35”
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~
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Moment of inertia of propeller
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FIOORZI.—Thre+tisw drawfng of the F4B-2airp!ammd modffkd alerator.
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several positions. The results of the tests of the first
reference were directly compamble and those of the
second, though made on a different model, could be
applied qualitatively with certainty.

APPARATUS AND METHOD

The airplane with which these teats were made was
a cmrkr fighter biplane powered with a 450-horse-
power Pratt & Whitney engine. A line &a&g
showing the arrangement and dimem”ons of the air-
plane is given in figure 1.

The severnl combinations of verticnl surfaces tested
me shown in figure 2. I?igure 2 (a) gives the outline
and dimensions of the original MB–2 surfaces. In
figure 2 (b) me shown the F4B-3 rudder, F4B-3 fin
(dotted), rmdF4B-4 fin (full line). The I?4B-3 rudder
did not fit this airplane exactly, which caused the upper
tip of the rudder to project above the top of the fin
about 2 inches. With the exception of the small
extra mea at the top, this rudder was of the same shape
rmd size as the standard I?4B4 rudder and will be
referred to hereinafter as the “ F4B4 rudder” when
discussed in connection with the l?4&4 iin. In
figure 2 (c) the I?4B4 fin and ruddar rmd three
rmxiliruy fins are shown: two sizIMof fin above the
fuselage and one below. The particular shape of
auxilimy-fin no. 3 was chosen because space would not
permit riddingtke large area desirable at the tail of the
fuselage without altering the tail-wheel assembly ond
possibly involving other complications. The areas of
tho fin md rudder combinations were as follows:

Ffn and mddor combination Fin arm ‘~= ‘AM

F4B-2llnand mddar . . .._. _-.-. _..-
F4B-3 h and mob------------------
F4B-4 fln and mddm-.-----.----------
F4B-4 ffn and redder and anxfhry

flnnO.l- . . . .._. __ . . .. —______
F4B-4 lln aad redder and audfary lln

no. 2.._. __________________
F4B-4 flu andmdderand anxflhrg h

nm. ‘J and 3------------------------

~“fb&J‘“A9
&11

i36 a 11

9.46 &11

11.32 a 11

I&7a &11

Wifi&
1273
14.46

17.57

19.43

23.90

The horizontal-surface combinations tested were the
modified elevator, shown (dash line) on the plan view
of the airplane in figure 1, aad the raised stabilizer
and elevator positions shown in figure 2 (d), in addition
to the original condition shown in figures 1 and 2. The
moditied elevator had about the same areasas the origi-
nal, but the plan form used was such that less unfavor-
able interference might have been expected. (See
reference 3.) The two new stabilizer positions were
18.5 and 37 inches directly above the original position.
In the intermediate position it was possible to use the
same type of tailplane bracing as ma employed in the
original instalhtiom With the surfaces in the “high
position, however, a special set of struts was necessary.
These extra struts would not be required in an airplane
originally designed for a stabilizer in the high position
so that the loss in airplane performance associated

7104*3*2S

~ L+16 ‘ +2.03’–

~ mw .–
F4B-Z Ruo’de~ –-
F4B-2 “fin—,

~2. 187’–
F4B-3 Ridde? –. –—— - > A
F4B-4 fii. _ _
F4 B-3 fin,

\
v

.— -_
.— - — -—- \\ k

Y

[

~ 5.146’ -—----~

Aux. fin No. 2,

J
‘-Q

~

+ .—-— . -4
—.— —-— . \\

‘-Aux. fin No.3

——- — —

I

Arm
Rnddor, F4B-3__-7.69 sqoara feat. Ffn, F413-2L.__21M sqnara feaL
Rnddar, F4B-3 (F4B-4).._3JIsqnarefeat. Ffn, F4B–3___4.62 sqoam At.

Ffn, F4B+__-&36 squarafwt.
F@ Am- no. L__-3.11 sqoora feat.
Ffn, Am. no. 3-._-4S7 sqonm feat.
Fin, AIR no. 3–__4.47aqnam fwt.

FmIJBE 2.—FI~ radd~ and horfzonkd mrfam pceltfons tested wfth tha
F4B-2 afrpkma.
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(a) F4B-2 Sn and mddar. ‘
(b)F4B+ lln and redder.
(e) F4B-4 h and redder wfth no. 2amilkuY lb.
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(d) F4B+ffnend mddw wfth no. 3anxilbwg b.
(e) Stabilizer and elevatm fn fntermeifata PCSMJn.
~ Stabllfzarand elevator mfswl to top of Sn and mddw.

I!IGUEZ3.—TIM F4B-2 aimlane and the mveral tafl~ armmmmm& &ted.
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with thesestruts need not be considered a disadvad.age
tierent in this arrangement. The photographs (fig.
3) show the actual installations described in this and
the preceding paragraph.

The load conditions tested, which were specified by
the Bureau of Aeronautics, Navy Department, when
the tests were requested, were as follows:

Airplane stripped ------------ 50 gallone of fuel carried.

Equipment removed: arrest-
ing and flotation gear, oxygen

equipment, pyrotechnics,
&at-aid kit, life jaoket,

audiary tank.
Airplane with normal loEKL--- 50 gallone of fuel.
Normal load+ radio craft ----- 50 gallons of fuel, life raft, and

radio.
Carrier overload------------- 110 gallons of fuel, auxilhwy

tank, and all equipment
including life raft and radio.

A parachute was attached to the tail of the airplane
to aid recovery in case a completely uncontrollable
spin should develop during the tests. A special installa-
tion was developed after Mormation had been received
from the Flight Test Section, Naval Air Station,
AnrLcostirL,that a much simpler arrangement testid by
them had not been entirely satisfactory. In the latter
case the parachute was folded and carried by the
pilot, the bridle line passing out of the co&pit to a
point of attachment at the tail. When it was desired
to use the parachute in a spin, the pilot threw it over
his shoulder. This procedure was unsatisfactory
because the parachute sometimca fouled the rudder
balance horn and because in one case it fell on top of
the stabilizer and would not blow off. This experience
indicated the necessity of placing the parachute in a
pack in such a position that it would be thrown clear
of the empennage in a positive manner. The N. A. C. A.
instrhtion was therefore designed to mount the pack
above the h and rudder as shown in figure 4. The
original form of the pack was suggested by Stafl Sgt.
C. l?. Russell, then in charge of the Parachute Section
at Langley Field. The operating gear was so arranged
that the pilot could open the parachute by pushing a
lever to a stop. Subsequently he could release the
parachute from the airplane by moving the lever
around the first stop and pushing it farther. The
nominal diameter of the parachute was 8 feet, i. e.,
when the canopy was spread out on a flat surface it
formed a disk 8 feet in diameter. It was provided with
a 50-foot bridle line, which was long enough to permit
the parachute to follow more smoothly both during
the spin and when being towed behind the airplane in
straight flight than was possible with a short line.

The parachute was carried for the prelimimuy tests
and until the pilots had become familiar with the
spinning of the airplane. It was not needed for
emergency use but was opened onca during a spin to
observe its action. It opened immediately with an

effect that was rather starthg and unpleasant because
it was so sudden. The airplane pitched forward
rapidly until the fuselage was nearly vertical and the
rate of rotation increased greatly. Wlfiout wti~
for further developments, the pilot released the para-
chute and executed a rapid recovery from the spin.
It was concluded that the marked increase in the
rate of rotation followed partly from the decrease in
moment of inertia about the axis of rotation as the
latter axis was turned toward the longitudinal axis of
the airplane and partly from the high equilibrium rate
of free autorotation usually occurring at low angle9 of
attack. This high rate of rotation probably would
have diminished almost as rapidly as it developed had
the pilot waited a few seconds before moving the con-
trols or releasing the parachute because the ground
observers and the pilot agreed that the airplane was
in a low--angle-of-attack dive at the time the parachute

FmouE 4.-l%mahutepack,s-np~ and opemthg gem mounted on tdl of
F4E2 akplma.

was released, having passed through and beyond the
angle of attack for maximum rate of autorotation.
These observations indicate that the parachute would
have been an effective emergency device in case the
controls had proved ineffective.

The weight of the parachute and gear at the tail
made it impossible to obtain the exact loading condi-
tions speciiied. For this reason the load@ condi-
tions for the preliminmy teats are designated “ap-
proximate stripped,” “ approximate normal load,” etc.
The differences between the exact loading condition
and the approximate values were slight. The para-
chute and gear were removed in order to obtain the
speciiied loading conditions exactly. All tests not
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designated in table I as being made with an approxi-
mate loading are understood to have been made with
the exact loading speciiied and with the parachute and
gear removed.

The moments of inertia and the centar+f-gravity
position were measured by the standard N. A. C. A.
compound and bifilar pendulum method before any
changes were made to the airplane (reference 4).
Thereafter, account of al changes to the airplane or
its equipment was carefully kept and the moments of
inertia and center-of-gravity position -were computed
for each change to the airplane or its load. Most of
the service equipment called for in the specification of
loading was actually used, but when parts of it were
not available, equivalent ballast was substituted.

When the airplane was received, the fin was rigged
with the normal offset of 2.2° to balance propeller
torque. This setting was retnined for the iirst part
of the tests, but later all h were set neutral in order
to make the right and left spins as nearly alike as
possible. NTemlyall of the tests for which records me
reported herein were made with fins set neutral. The
wing incidence was measured and a noticeable vari-
ation along the span was found. This variation may
be roughly summarized. by the statem&t that the
left semispan of the wing cellule had n wasbin of %“.
The stabilizer was set parallel to the thrust axis for
all spins, includ@ those in which the stabilizer was
in the raised positions. With the exception of rLfew
cases noted with the data, the propeller w-asstopped
for all tests in which records were made. In order to
comply as closely as possible with a request for tests
with increased rudder throw, the rudder stops were
run fully back so that a deflection of + 35° was
obtained with the modified elevator, and one of +34°
with the standard, compared with +29 0for the deflec-
tion when the airplane wcs received.

The tests to determine turns required for recovery
were made with a number of ditlerent combinations
of control manipulation, all of which are indicated in
table IV. The turns reported were counted horn the
heading at the time the pilot started to move the con-
trols to the heading at which rotation stopped. Other
tests, in which the instruments were operated, re-
corded the data for the steady spin or for the time
history of n complete spin.

The instrument installation, which was essentially
the same as that described in reference 5, consisted of
three electrically driven gyroscopic angulm-velocity
recorders, a three-component airdamped accelerom-
eter, fi recording altimeter, a three-component con-
trol-position recorder, a sensitive indicating altimeter,
and a step watch. These instruments measured all
the quantities necessary for a complete detmnination
of the spinning motion. When making records of
complei% spins, the change of altitude was determined
from the recording instrument; for stmdy+pin measure-

ments a more aocurrde determination of verticnl
velocity was made with n sensitive indicating altimeter
and a stop watch.

The results for the steady-spin measurements were
computed in the manner indicated in referenco 6, the
accelerometer readings in each case being corrected to
the center of gravity of the airplane.

PRECISION

In general, the preckion of these tests was equiva-
lent to that of reference 6. The first records were
made without as careful checking of instrument opera-
tion as should have been employed because of the
urgency of completing this part of the work. Nearly
all of the records reported herein, however, were made
with the necessary care so that the precision may be
summarized as follows: angular velocity, +3 percent
for each component; acceleration, +0.05 g; interval
of altitude, &3 percent; time, +2 percent; weight, & 1
percent; moments of inertia, +2.5 percent, +1.3
percent, and +0.8 for A, B, and C, respectively.

The precision stated in the previous paragmph op-
plies to the records presented in the time histories
(figs. 5 to 12) for the parts of the records that me
steady or newly so; for the parts of the records where
rapid changw of angular velocity were taking place
the angular velocity reported may be considerably
in error owing to lag in the oil-damped angulnr-
velocity recorders.

RESULTS AND DISCUSSION

The numerical results are presented in four tnbles
as follows: Table I.—Properties of Airplane; Tuble
H.—Instrument Data; Table III.-Computed Data;
and Table IV.-Summary of Spin Recoveries. Part
of the results are also given as time histories in figures
5 to 12.

All symbols are deiined in the covers of the report
except as follows: ax is the angle of attack at tho
plane of symmetry referred to the airplane X axis
and P is the angle of sideslip, the angle between the
relative wind and the plane of symmetry. The sign
of the angle of sideslip is the same M the sign of the
component of velocity along the lateral axis.

The effect of’ the variations of h and rudder size
and of stabilizer position on the characteristics of this
airplane in normal and acrobatic flight as reported by
the pilots may be summarized as follows: The larger
iins eliminated the directional instability that was very
noticeable with the smallest fin and rudder; rudder
forces were increased slightly but not objectionably;
all acrobatic maneuvem could be readily executed with
all the combinations of surfaces tried and it was con-
sidered that with the larger fins (except possibly the
condition with the F4B-4 h and rudder and auxiliary
h nos. 2 and 3) tbe control of the airplane during
acrobatic maneuvem was more definite and satisfactory



A FLIGBZ’INVESTIGATIONOF THElSP~G OF TBE F4B-2 BIPLANE 419

than with the small fin and rudder; no noticeable dif-
ference was introduced in the il.ightcharacteristics by
raisii the horizontal surfaces except that for the
highest position the maximum speed was diminkhed
and there was a noticeable tendency of the airplane h
lose s-peedduring acrobatic maneuvers. This effect on
the speed was to be expected as a result of the addition
of several extra struts at the tail to support tbe control
surfaces.

Before recommendations based on the rm.dts of the
fin tests were made it was desired to determine as
reliably as possible whether the airplanecould be forced
into spire not already observed during the tests. The
results of attempts to force the machine into such
unusual spinswere reported to be entirely unsuccessful;
i. e., if a spin was obtained in any of the various @-pea
of entry tried, it always returned to the normal spin
as soon as the contiols were returned to the normal
position. l?or some of these trials, power was used.
Aside from the effect on the spin, which was unim-

portant, it should be noted that the vibration produced
by the two-bladed propeller was very uncomfortable
to the pilot and had a destructive action on the air-
plane structure. All the drag and antidrag tie rods in
the upper and lower wings were made slack inboard of
the intarplane struts and two of them were actually
broken as the rcmdt of about 6 spins of 3 or 4 turns each
with about hti-throttle power.

The discussion of the results, in the following para-
graphs, is based on the comparison of average values of
spin parameters from the records obtained with each
spin condition. These averages are presented in short
tables at the b* of the discussions of the effect
of each of the several variables studied in tbe investiga-
tion. The second column of each of the tables gives
the numbem of the tests averaged so that an idea of the
relative weighting of the averages may be -gained. It is
possible also”to find the complete description of the
test conditions for each case by using the test numbers
in referring to table I. - -

EFFECYr OF LOADING

Lcding Tests awngad Q “x B v Radhu aF
— — . . _

radJacc. 0
A plWhll!3tdY Ship@ l..-. ._... -_-.. . . . . . . 15R: 1,2, & ~ 16R: 1,2,3; 23R: 7,8,9,10-

fylyi Fed
–“L 9

N%nol 1-...5-------------------------------- 20R: & & 7------------------------------ ;E $! -L2 ~~; ;; %!
Normal+rarU roft I--------------------------- m: 3,4,6, &--------------------------
Cal-riarOvdlm 1------------------------------- 37R 1,3, & 7; 2$R: % 4--------------

–2 o
H

3.4 .376

Norrod+rodlo+raft : . . ..-.. .-._. .._.. _____ A58E 6, r%59R: 1,3, il._--_ . . . . ----
4L 8

Clarrie.rovarlmd 2------------------------------- 73R: 1,2 ‘i 7. 11------------------------ $: g; ~:~ g! ~~ $j
Nomral+radl raft s--------------------------- 471k1,% 3, L-------------------------

9CarrierOVI?I1O98------------------------------ 49R: 1,& 3,4, 5. . .._ . . . .._.. -_- . . .._ 3.a 5a4 -3-6 114.8 26 .m

— —
I F41H Iin ond mddar, atmdard elevator. ~F4B-4 fln ond mddar, modiflwi elevator. JF4B-2 fin and redder, standard elevator.

The effects of the changes in loading compared in
these tests me the effects of changes both in wing
loading and moments of inertia. (See table I for load-
&U and moments of inertia.) These results are of
interest because they show the effect of ordinary varia-
tions of service loading. Generally speaking, the
changes in the steady spin associated with these loading
changes were almost too small ta be noticed. The
changes were the axpected increase in angular velocity
and linear velocity with increase in loading. The
anglesof attack and sideslipdid not change appreciably
nor show a definite trend, the mminmm variation
between ccmpamble conditions being 2.5° change in
sideslip and km change in angle of attack.

No difference could be noticed in the number of turns
required for recovery with the various loading con-
ditions. The variations between different tests with

the same loading ccndition9 were usuallv as meat as
the variations Getween twt.s with difI&nt ‘loading
conditions. As the theory indicates (reference 7) that
the condition with center of gravity far forward might
have bad effects, one group of tests was made with the
center of gravity at 27 percent of the mean rmro-
dynamic chord. A comparison of the rcsulta of this
group of tests with the comparable tests hav@ the
center of gravi~ at 31 and 34 percent of the menn
aerodynamic chord showed no essentiil differences.

Steady spins with the larger il.nswere at somewhat
lower angles of attack. The other parameters of the
spin vaxied tbro~oh small ranges in a manner that was
not significant. This result is to be expected because
all fins and rudders used, except for no. 3, were in
such positions that the surfaces would have bad in-
terfer&ce effects from the horizontal surfaces,

EFFECT OF ENLARGED FIN AND RUDDER

Fln and mddar Trots averagwl

1

Q a= @ v RadhJd m
w

— — . .

F4B-2 Onond mddw --------------------------
Tod./ti .

91R: 1;E3R: 1,~ 3----------------------
l-ywi F~2

~8
F4S-3 Onand redder I-------------------------- 471t:1,~ 3, L-------------------------

—L 8
:: EL4

a 401

F4EH dn and mddw. -------------------------- AWE: 1,2 3---------------------------- 273 M.1
–L O 114.5 .U4

$!
F41M So and mddar, am. fln no. !L._ . . . . .._ W& ~ z 3----------------------------- ;CGJ ~~ –.8

–L 9 llL 1 .376

F4B-4 dn and mddar, am. lln no. 3 2.._. .-__. 8SR: 1,3,5,7, 9-------------------------
UO.8 ?.7

.3
.363

1145 K? .3T3

and

1Fin ollmt 2.T, motor idllng. W-4EH Onot?setL&5”,motor Idling. Carrier overlrad in thew ktaj all othersnmrnel+ratirrdt loading.
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h no. 3 was not far enough aft of the center of gravi@.
These variations in iin area were tried because it was
desired to find a means of improving the spin charac-
teristic of this type airplane without having to make
major structural changes.

Comparison of the merits of the sevaral modiii-
cations of fin and rudder shows progressive improv+
ment in recoveries as the area of the vertical surface9
was increased, with the exception of the addition of
the h under the fuselage. This conclusion is based
on the average of the turns required for each condition;
some individual cases may be noted in which the im-
provement is not evident. In no case with the lmge
ha did the airplsmedevelop spins from which recovery
seemed doubtfd when the controls were set for normfd
recovery. Throughout the report “normal recovary”
is understood to mean rudder completely reversed,
stick neutral laterally amd forward of neutral longi-

COMMITTEE FOR AERONAUTICS

tudinally, with both ccntrol displacements being ap-
plied smartly and simultmeously. Tbe details of the
dangerous spins occasiontdly encountered with the
F4B-2 iin and rudder will be discussedin the paragraph
on the effect of control displacement.

The tests made with the spinning balance (reference
1) in which the forces and moments were determined
for spinning attitudes of a model of the F4B-2 air-
plane with the F4B-2 fin and rudder and subsequently
with the F4B-4 fin and rudder are of interest in con-
nection with these observations. The conclusions
reached by comparing.yawing moments indicated that
there should be little difference between the steady
spbs for the two sets of surfaces. This result is in
agreement with the corresponding flight results.
Likewise, a conclusion from this reference that the
F4B-4 h and rudder should give more rapid recoveries
is in agreement with the flight resultspreviously stated.

EFFECT OF MODIFIED ELEVATOIU3

Elevati I&xling T6sts averagd n % B v Rodlua ~%v
— — — . —

radJ8a. “
F=-L ----------------- Normal+mdlo-kaft--- . . . . . 27R: 3,4,5, 6.-.. –—------ 2s7 %Y9 ‘?4–“z o
Mc”iMed-_._.___.–. .-–-do— ------------------ As3R:
F4%L ----------------- OaIrL?Iowlm.d-----------
ModlIWL _-._. _____ .__do-

36R: %%?7W%,?,%’-!?--:: ~: :; -.4 ;IJ.: ;; :$

--------------- i3E: 1, a, 45,7,n____-:_ 2$24 4eL4 –; 6 12L4 a7 .242

The modiiied elevators (with F4J3-4 h and rudder)
had very little effect on the steady spin. The rate of
rotation was slightly less and the angle of attack
slightiy greater with the modiiied elevators than with
the standard elevatom. Sidedip varied somewhat, but
no trend could be observed when the effects for the two
loading conditions tested were considered.

The modified elevators made a noticeable improve-
ment in ease of recovery for some methods of ccntrol
manipulation, especially with stick forward. Improw+
ment in recovery by this method would be expected
because the interference produced by the modiiied
elevator when in the down position would be less than
the corresponding interference of the original form. A
somewhat greater favorable effect was anticipated
from the results of wind-tunnel tests made for the
Bureati of Aeronautics, Navy Depmtznent, (reference
3) on a stationary model. These tests showed that
at an angle of attack of 45° the rudder moments were
50 percent greater for the mowed elevators than for
the elevatom in the original form. Earlier model tests
made in England (reference 8) on a similar stabilizer
and elevator indicated that slightly greater rudder
moments against the spin were possible with modified
than -withstandard form of elevator.

EFFECT OF STARILI!ZERPOSITION

1- 1 , . . . . .

Raising the stabilizer and elevator produced no con-
sistent variation or trend of the equilibrium vrduea of
the important spin parameters. This result is consist-
ent with what would be expected because wind-tunnel
tests have shown (references 2 and 9) that although
raising the horizontal surfaces generally increases the
damping yawing moment and diminishes the aerody-
namic pitching moment, the change in these two
momenta at 60° angle of attack is negligible when the
rudder is set with the spin.

The ease with which recoveries could be made was
decidedly improved by raising the stabilizer and ele-
vator, especially when the stabilizer and elevator were
raised to the top of the fin and rudder. Even raising
the stabilizer to the intermediate position gave better
results than were obtained with the largest fins tried.
Of all the conditions tested only the one with the sta-
bilizer and elevator at the top of the fin gave satisfac- ~
tory recoveries with the controls held neutral In this
case recovery was usually accomplished in 1%turns and
in no instance were more than 3 turns required. Such
recoveries are quite satisfactory for an airplane hawiqg
the w-kg loading of the subject airplane, especially since
very fast recoveries can be made by setting the rudder
agtit the spin.

Holding the stick for-ward caused an increase in
@e of attack for the tests with stabilizer and elevator
in their normal position and a decrease in angle of
attack when they were in the high positions, The
fit result is in agreement with previous test experience
and the results of a theoretical study of the effect of
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EFFECT OF VARIATIONS OF CONTROL SETTING

Control 2WIng m avaraged 0 a
x B v Radh12 2$

— — . . —

Test mndltion 11 rad.lscc.
N- . . . . ---------------------- AE?3R:I, 2,3----------------------------------------273 ;1

j-iv~ F~h am
-;. 9

Elevator down_ .._ . . . . .._...-_ &2R: 1,2, 3---------------------------------------- 2.@3
Aa2rona Wltb 6plrr_.__ . . .._..-

-4.6

A4kxonaagoinstspbl---------
MB: 1,2, 3; A93R: ~ 3---------------------------- 3.14 E; 1%?; 2: :%
67R: 1;AWE: 1,2, 3------------------------------ 3.01 –??

Rrrddaramlnst ~In_._.__...-
m.1 1034

37R: ~------------------------------------------ 3.67
.429

Test mtition 2
37.1 17.1 U2.6 U .449

NomroL . . . . . . . .._.. .-.. _____ 113L 1,% 3--------------------------------------- –294
EIevotar do~------------------- Bllti 1, 2j 3; EllU 1,2, 3------------------------ –3. 69

–21 Im 2 4.4 –. 416

Auei-OrEwith spbL.-- . . . . . ----
2: lCR8

116L 1,2, 3--------------------------------------- –a 04
3.7 –. 620

Al12m02Ogoblst.vpkL________
M.6 –t ; 103.3

l16L 1,2, 3--------------------------------------- -% m @16
-. m

T~ mndltlon 3
43 107.1 H –. 3Q2

Norrnk-------------------- AlCr3L 1,8—-------------------------------------- –283 6L 6
Elevator down _.__. . . . . . . . . . AI05L 1,2, 3--------------------------------------- –3. 41

L4 K&9 to
49.b

-.404

Aaoronswith !n-.._ . . . . . . . ..- AI04U 2j 3—------------------------------------- –274
T@%n~ti+mk-...- . . . . . . . IIMV L 2>3------------------------------------- -L76 E: -!; %! H =%%

22 –. 616

N- . . . . . . . -------------------
All nmrtroL._ . . .._. _._ . . . . . ..-

WR:3 L--------------------------------------- 3.07
36R: 4-------------------------------------------

4&2 –. 4 I!U4 al
4L4

.374
L2

T#%J##’%G:::::::: % k::::::::::::::::::::::::::::::::::::::::: &w % -:! % 29 %
k% H

Normal . . . . . . . . . . . . --------- 91R: l; W3R:l,2,3 ..----. _______________ L7S 628
All nentroL..-...-_ ..-. _...-- B66R: 1, ~ 3-------------------------------------- X32 43.9

–L 8 10L1 3.2 .401

Tat mndltion 6
–L 1 ml o 3.1 .4E2

No--------------------------
Rnddw Ztwk ------------

49R: 1, !2,3,4, L------------------------------ 3.21 --:: 114.8
Et

!L6
49R: 6’—----------------------------------------- 3.67

.420
1323 24 .403

.

pitching moment alone. Spinning-balance tests on a
model of this airplane with l?413+l surfaces (reference
1) showed that at an angle of attack of 46°48’ deflect-
ing the elevator from up to down increased the diving
moment and had practically no effect on the yawing
moment. As there was very little change in sidedip
angle for these tests the theory in its simple form
applic9. (See reference 7.) I?or the t8st43with the
surfaces in the high position it should be noted that
there were components of aerodynamic moments
acting that did not exist with the horizontal surfaces
in the low position. From the twts of reference 2 it
may be seen that probably the pitohing moment
produced by putting the elevator down was slightly
less and an appreciable component of interference
yawing moment opposing the spin was produoed
where the elevatm was put down, although there are
no direot measurements available to show the magni-
tudes of these effects. Such moment differences
combined with the particular mass propertka of the
subject airplane seem to be consistent with the
observed results.

Setting the controls neutral caused a decrease in
angle of attack and incrense in rate of rotation. In
this case, data are available (reference 1) which show-
that diving moment and damping yawing moment are
produced, The increase of rate of rotation results
from the increased diving moment, and the decreased
angle of attack follows as a consequence of the changes
in both pitching and yawing moments.

Reversing the rudder caused a very high rate of
rotation, low angle of attack, and large angle of inward
sideslip. These rcmdts, provided that it was lmown
that the spin could be made to continue with rudder
reversed, could all have been predicted qualitatively
from the charts in reference 7 showing the general

JTestConditions:
1 F4B-4 tln and mddar, normal radio

H

raft Irad, stabilker low. 4 F4B-4 Sn and redder, cm+er ovorlrr@ stabikr low.
2 F4B-4 dn and rudder, normal radio raft lrad, atabilimr intomnedlate.
3 MB-i dn nod redder, normal rodio raft bred, stabuiqir high.

6 F4E-2 tln and rnddor, normal+ radio+ rrdtlasd, stabllimr low.
6 F4R-3 lb and mddw, carrieroverlmd, s@biUmr low.

relations of the spin parameters. As a matt8r of fact,
it was very diflicult with the F4B-4 fin and rudder
to make the spin continue with rudder revemed and
it was only after many attempts that the one spin
horn which these results were obtained was succw-
fully made. Spins with rudder reversed were more
easily obtained with the smaller IW3-2 fin and rudder
and the same general results were observed in the
steady spin as with the larger rudder. This relation
between the ease of continuing the spin with rudder
reversed for the two rudders tested in flight has been
found to hold also when compmirg the results of the
model twts (rqferenoe 1). The results. of the model
tests indicated that it should be possible to continue
the spin with rudder reversed as easily as with the
rudder set with the spin in the ease of the F4B-2
h and rudder; whereas in the case of the F4B-4
fin and rudder the possibility of continuing the spin
with rudder reversed would be less likely than in the
former ewe.

The effect of deflecting the ailerons full with and
against the spin varied in some respeots with the posi-
tion of the horizontal tail surfaces. h all the tests,
deflecting ailerons with the spin caused inward side-
slip and deflecting them against the spin caused out-
ward side-slipas compared with the correspond@ val-
ues for ailerons mmtral. In the two groups of twts
(two diilerent loading conditions) with the stabilizer
in its low position, the angle of attack was diminkhed
by deflecting the ailerons with the spin and was held
oonstant or slightly increased by deflect@ the aile-
rons against the spin. Wkh the stabilizer in the in-
termediate position, the angle of attack was constant
for all three of the aileron settingg and with the sta-
bilizer in the high position, the change in angle of
attack with aileron deflection was opposite to that

,
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~retio~~ stated for the stabilizer in the 10w peti-
tion. These effects are attributable to changes in
moments from two sources; namely, the changes in
rol@ and yawing moment of the wings as a result of
aileron deflection and the change in ymving moment
of the tail as a result of sideslipchanges. For example,
when the ailerons are set with the spin the outer aileron
is deflected downward produckg rolling moment with
the spin and yawiqg moment opposing the spin. The
rolling moment with the spin causes inward siddip,
as consistdly occurred in the tats. The inward
side&p would decrease the damping yaw@ moment
produced by tlm tail but, in the tests with stabilizer
in the low position, the damping ymv@ moment of the
ailerons -ivQsevidently greater than the loss of damping
yawing moment of the tail due to change in sideslip
with the result that the angle of attack decreased.
When the stabilizer was in the intermediate position,
the increase of damping ymving moment from the aile-
rons was probably about equal to the loss at the tail
with the result that the angle of attack did not change;
whereas, with the stabilizer in the high position, the
loss of damping yawing moment produced by the tad
was probably greater than the increase of moment
produced by the ailerons. The mmlts reported in
reference 2 indicate that this supposed difference of
tail yawing moment due to siddip for the three stabil-
izer positions is not only possible but probable because
the tail yawing moment due to sideslip was found to
increase continually as the stabilizer was moved to
higher positions.

Recovery horn a spin in which the elevator had
been held down for some time or from a normal spin in
which recovery was made by leading the ccmtrol dis-
placements with elevator down vw found to require
more turns than comparable recoveries started with
elevator up or neutral. When the stabilizer and ele-
vator were in the normal (low) position, displacing
the ailerons against the spin at the moment the other
controls were moved for recovery made recovery sloTv-
er, and displacing ailerons with the spin s&@htlyaided
recovery. When the stabilizer and elevator were in
the I@h position, the efkt of aileron displacement
during the recovery vias opposite to the effect when the
horizontal surfaces were in the low position; with the
surfaces in the intermediate position there waa little
difference in the turns required for recovery when
ailerons were deflected either way. These results
seem to be directly related to the position of the stabil-
izer and elevator but, at present, there is not enough
lmown about the maggtudes of the moments pro-
duced by the ailerons and by the dif7erent forms of
tail to furnish an explanation of the experinmntal
results. It is evident, however, that in a general way
the effects of control displacement as observed for
steady spins and for recoveries are similar.

The results of model tests (reference 1) seem to be
in partial qualitative agreement with the flight resndts.

With the mmll tin and rudder it appears that putting
the elevator down and reversing the rudder would
actually dirhish the damping yawing moment;
whereas with the F4B-4 fin and rudder this procedure
would increase the damping ymzing moment. The
pitching-moment change k each case w-odd bo about
the same. Had the elevator been held neutral and
the rudder reversed, the model teats would indicate
a substantial increase in damping yawing moment for
each case, the stronger increase for the large fin and
rudder. In the flight tests with the F4B-4 fin and
rudder this method of recovery was almost the best,
being only slightly inferior to reversing the rudder
and letting the stick float freely. Since the elevator
floated about half-way between neutral and up, the
two best conditions mensured on the spinning bah-mce,
it cculd be expected that had this position been tested
with the model it might have given better results than
did eitherthe elevator-neutwd or elevator-up positions.

Some features of the model remdts, on the other
hand, wire not borne out by the flight-test results.
The model results indicated that recovery by the
normal method would have been quite impossible for
the small fin and rudder. They also indicnted that
recove~ would be most likely with controls neutral.
In the ilight tests with the F4B-2 fin and rudder recov-
ery was detlnite only by the nornml method, thwt is,
by reversing the rudder and putting the stick forward;
whereas with controls neutral, recovery never wns
obtained for right spins and was slow for left spins.
The discussion in reference 1 has already pointed out
that there is a discrepancy between the model results
and the &oht results for the steady spin. Disregard-
ing the actual errors in the spinning-balance measure-
ments, it must be remembered that they were made
under steady conditions. The forces thut act during
transition from one steady state to mother my, it
seems, have an important effect on recove~.

Attempts to produce unusual spins,-The previously
mentioned attempts to produce nnusurd spins, in
-which entries were made from many maneuvers and
an effort in each case was made to force the airplane
into spins different from the normal type, produced
no effects that could not be attributed to the unusual
positions of the controls. The airplane ahvoys return-
ed to the normal spin as soon as the controls were
returned t.o their normal position. In its original
condition the airplane could be made to spin in such a
manner that the recovery was impossible without
fit returning to the normal spin; but when the iin
area or h efficiency was increased, this tendency
mpidly diminished until the last condition (stabilizer
in high position), in which recovery would follow soon
after p]acing the controls in neutral. With reference
to the use of engine power during the spin, it is not
likely that pilots would care to apply as much power as
that used in the special tests described in an emlier
part of this report, because of the severe discomfort
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produced by propeller tibration. There is little
likelihood, therefore, that under service conditions
dangerous spins would develop with any of the large
fin and rudder combhiations.

Control manipulation and dangerous spins.-For
some time after the airplane was received the spins
with the small fin and rudder (F4B-2) did not seem
to be pnrticukwly dangerous, recovery always being
possible in between 2 nnd 3 turns. This result ma
unexpected as several occasions had been reported in
which this type of airplane had developed spins from
which recovery was impossible. One of the tests, how-
ever, in which the pilot was asked to observe the effect
of placing the controls in other than the usual position,
produced a spin from which recove~ was very slow.
A few days later under somewhat similarcircumstances
one of the pilots (Mr. M. N. Gough) got into a spin
which appeam to have been very dargerous. His
statement of the circumstances follows:

Forthistestthe airplane bad the original service tail mu-facea
and the flu was in a neutral position, the loading corresponding
i% that of normal+ radio +raft. At an altitude of 10,000 feet
the propeller was stopped and a spin to the right started.
After approximately 800 feet the controls were placed in a neu-
tral position and the spin was assumed to be steady after an
additfond 500 feet. At this altitude the instrument-s were
started to record 1,000 feet of steady spin, as had been requwted.

During this time it was noted that the force required to main-
t.afn the rudder in a neutral position was very small and, on
completion of the record, it was decided to determine something
further regarding the spin rather than to recover immediately.
With the stfok still in the neutral position, the rudder was fully
raveraec!, very little force being required, and the spin continu-
ing apparently unaffeobd. The force required to hold the stick
in neutral was considerable and, when it was relieved, the stick
oame back against the seat with a very slight tendency for the
ailerons to move with the spin.

The rudder was still reversed and no change in attitude could
be detected. It was then a qutilon as to whether the airplane
would rooover if all the controls were free. This method was
tded and it was found that the rudder merely oscillated between
n neutral position and against the spin. The stick remained in
the aft position and no attitude change was detected. The
spin was very smooth with the wings practically level.

It was then decided ta recover from the spin, so the stick was
plaoed fn a forward position and the rudder fully reversed.
There is some question as to the position of the stick. It was
probably not much beyond neutral and surely not b the full
forward position, which requires special exertion. At least it
was well forward, but there ma no ohange in the attitude of the
spin after 4 turns.

The oontrols were then returned to the normal position for
the right spin and the situation studied. It was quite clear that
the rudder was of little or no value and that the stiok forward
had produmd no resuh. There was just one thing left, and
that was-ailerons with the spin. Without delay thfs ma
tried. The redder was reversed, stick forward, and the ailerons
placed with the spin. After about 3 turns a slight down-
ward pitohfng of the nose indicated approaching recovery,
which came after about 4 turns, beiig completed at an alti-
tude of 4,200 feet.

The request called for three spins and, sfnce thk was the first
one, two others were made with a conildent feeling that recovery
could be made by use of aflerone, as in the former case. This
moved to be trw but 4 ta 6 turns were required.

These and other similar reports show clearly two or
three very important points with regard to dangerous
spins. In the fit place, it is possible that an airplane
may have dangerous spin characteristics that might be
entirely overlooked in a routine spin trial because seb
ting the controls for a normal spin and holding them
there might not develop the dangerous spin, as actually
happened in the case of this airplane. Then spinning
the airplane with controls set in some other position
than fully with the spin, such asmight be done tihoughh
lowly or by n pilot desiring to be cautious, might
develop a spin from which recovery was possible only
by returning the controls to the normal spin condition,
waiting, and then applying them smartly and fully
against the spin. For the subject airplane it seemed
that moving the rudder to neutral or slightiy against
the spin had the greatest effect in produc~~ the dan-
gerous spin, but moving the stick forward or dcflec&
ing ailerons agaimst the spin had a bad inlluence as
Wd.

Some further observations might be noted. During
these tests it was observed that as the fin area or the
h efficiency was increased the very unpleasant oscil-
lations, which almost always occurred in the spins with
the original tail surfaces, were dkinished in inttmsity
and frequency of occurrence until there was no tend-
ency to oscillate steadily with the raised surfaces.
This characteristic of the spin has some bearing on the
danger involved since the unsteady rotation is usually
very confusing to a pilot. It was further observed
that as the spinning characteristics were improved by
the changes made to the fin, rudder, and horizontal
surfaces, the quantitative differences between succes-
sive similar tests vaxied through a narrower range,
especially with regard to turns required for recovery.
Hence, lack of agreement between redts of repeated
similar spin tests may be indicative of the inherent
tendency of an airplane to produce dangerous spins.

TIME HISTORIES

Several time histories of spin parameters are pre-
sented for future study of the stability of spinning
motion as well as for comparison with theoretical pre-
dictions regarding the effects of applied moments. All
the spins here plotted are right spins. It should be
noted that the force curves measure the inertia forces
at the accelerometer location rather than at the center
of gravity. In order to refer the forces to the center
of gravity, the tar.msX,, y., and Z. must be added to
X, Y, and Z, respectively, where

xc=j[qr+#pq-z(& +@)]

Z.=$yrq+xrp+f+p’)]
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x, y, and z being the coordinate distances of the three
accelerometer elements born the center of gravity.
These coordinate distances for the spins recorded in
the time histories (figs. 5 to 12) are given in the fol-
lowing table:

TiIueMstm-g@m no. L-1 ‘ 1A

L.-..-..-–-.-.–--.–.––
L.-.–.–-._______
7---------------------
L--------------------
9—--------------------
10.. ..-.–.-...---–-–. ––..
IL.:–.-----–.-.–-––––
m---------------------

–FLdW1
–L ~
–L CM
–. Cs7
–. %37

–L W
–L C57
–L OZl

-+&J
–.104
–. ml
–. 104
–. 10!
–. 104
–. 104

F.%!
–o.6s1
–.m
–.Eta
–.8.5s
–.S&s
–.o13
–.622
–.ml

Several characteristics of the time-histom curves
may be correlated with the pilots’ observations. For

s I I I I I I I I I I I I I I I I I I I II
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-L -1-

#
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FIGURE&—Timebktcw stick f- appmxinWdy ship~ lalding,
F4B-S fi and redder.

example, it was found that en@y i.mtc a right spin
required more care and attention than entry into a left
spin because in the former case there was a tendency
for the airplane to break out of the spin before the
rotation had been established. bllections near the
start of the angular-velocity records correspond to
this break in the motion. The unsteadiness in forces
and angular velocities continues to be noticeable to
the pilot for about three turns. The accelerometer
records show that the largest accelerations (particu-
lady the transverse component) are experienced just
before the motion becomes steady, and the pilots

report being strongly held over in the corner of the
cockpit during this time.

Recovery is always accompanied by the following
phenomena. After the controls are displaced for
recovery the resultant angular velocity at first in-
creases somewhat while the yawing angular velocity
remains constant. Then the yawing angular velocity
drops and so, too, do the others. Recovery follows.
The course of the angular-velocity cnrvca dining re-
covery suggests that the characteristic of the motion
that most definitely indicates the b@nr@ of recovery
is the fallirg off of yawing angular velocity.

The flight records obtained in this investigation were
examined to determine the. degree of agreement be-
tween them and the predictions of the computations
made in reference 10. In this reference, with the
assumption of constant stability derivatives, the
immediate effect of changw in some of the parameters,
as by application of pure applied pitching, rolling, and
yawing moment, was determined. Time histories
similar to those presented herein were giwm.

The following tabulation shows the im.mdiate effects
of changes in some of the spin parameters as given in
reference 10. The effects of increasing, in a positive
sense, the value of the pammetem is given, rmd the
effects of decreasing the value of the parameters may
be obtained by reversing the signs of the effects noted.

P81aInek men incswsd (mnde pmltlve) rwdts In

Q, angular velooi~.----- Positive sidedip, increased rate of
rolling

a, angle of attack ------- Potitive eidealip
L?,angle of sideslip------ Deoreased angle of attack, deoreased

rate of rolling
L, rolling couple -------- Incr~d rata of rolling, positive

sidealip
M, pituhing couple ------ Inoreawd rate of pitahing, inmeaaed

angle of attaok or deoreamd rati

of rotation, positive sfdeslip
N, y~wing couple ------- Increased rata of yawing, negative

sfdealip, deoreased rate of rolling

For the. case of applied negative pitching moment
the computations predict that p begins to rise, Qfalls
somewhat, Trises s~ahtiy, and Q increases to maintain
angle of attack at about a constant value. Again, for
the application of damping yawing moment, the pre-
diction is that p tends to be maintained, q falls off
slightly, and r falls off steadily accompanied by osdla-
tiOllSin ~ a, and /3. The effect of a damping rolling
couple would be to reduce p, causing negative sideslip
leading to increased angle of attack and being followed
by oscillations.

The comparable time histories obtained with the
F4B-2 airplane show fairly good agreement. In the
case shown in figure 5, stick forward leads, as expected,
to increases in p and $2,a slight increase in T and a
iecrea9e in g. The effect of sudden rudder reversal
(fig. 6) was to decrease r while p and q increased. The
ncrease in g is contrary to the prediction in reference
10. Slow rudder reversal (fig. 7), not directly com-
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pm-able with the cam treated in the reference, led to
sudden increase in p, q, r, and $2. After the rudder
was two-thirds of the way to neutral, osciflation9 fol-
lowed, leadbyg to recovery. Although there is no full-
scale example of applied pure rolling couples, the effects
of jointly applied rolling and ymving couples, one aid-
ing and the other opposing the spin, are seen in figures
8 and 9. Ailerons set with the spin raised the outer
wing tip; whereas ailerons set against the spin lowered
it. In both cases, however, the yawing angular
velocity r -ivrwincreased. The large increase for the
ailerons against the spin is due to the predominating
effect of the yawing moment with the spin.

The time histories of the simultaneous effects of
several control movements, because of the complex
mutual interaction, cannot be analyzed simply in
terms of the predictions of reference 10.

The spin shown in figge 10 was made with the rud-
der and aileronsneutral and the elevator three-quartars
of the way from neutral to full up. This condition
corresponds to the previous case of sudden rudder
reversal shown in fi=~e 6 except that the rudder is
merely neutralized. As before, p, Q and Qincrease but
r, instend of falling off, remains constant. This result
is to be expectid when the rudder is not fully reversed.
A normal recovwy (fig. 11) had the rudder reversed,
stick half of full forward, and ailerons about neutral.
In this case Q and p increased while r and q decreased
and g became negative, indicating that the outer
wing tip was below the horizontal. From the theory,
both of the individual effects would tend to increase
p and decrease g. The rudder effect predominated in
causing r to fall off si%adily. Figure 12 shows the
eflect of setting the controls against the spin, suddenly
followed by releasing them. In agreement with the ~
previous case, q and r fell off, q became negative, while
Q and p increased. On being released all the controls
swung back through the neutral position but the pre-
viously initiatad movements of the airplane continued,
except that g stopped falling and became positive.
Recovery followed in this case. This seemingly is an
example of the canmonly reported occurrence in which
recovery ensued after the pilot had prepared to abandon
the airplane. A number of instances of recovery with
controls free were observed during these tasts but in
no case did the pilot stand up, showing that release of
the controls rather than change of moments of inertia
or air-flow conditions, as has sometimes been supposed,
was probably the reason for recove~ when the pilot
stood Up.

CONCLUSIONS

1. Lodi.ng conditions had little effect on recoveries
or steady spins.

2. Increasing the fk area progressively increased the
ease of recovery and elimhated the oscillations in the
Staady spin.

3. A special elevator modified to give more clearance
around the rudder produced only very slight improve-
ment in recoveries and little change in the spin.

4. Raking the horizontal tail surfaces had the
greateat beneficial effect in promoting recovary, per-
mitting very rapid recoveries even with control Surfmces
neutral.

6. Control position had the usual effects on the
shady spin except that with the raised stabilizer the
effects of ailerons were opposite to the effects usually
observed and to the effects observed on this airplane
with the stabilizer in its original position. Application
of separate controls produced immediate changes in
the spin generally in agreement with step-by-step
computations assuming constant stability derivatives.

6. Of the many control manipulations tried for re-
covery, reversed rudder and stick free seemed to be
best where the larger ii.us were used, rdthough with
raised stabilizer the contiols had to be operated with
care to avoid too rapid recoveries.

7. Conclusions from spinning-balance tests regarding
effect of fin size were in qualitative agreement with
cor.wponding flight results.

8. The dangerous spins were developed with the
small (F413-2) fin and rudder by allowing the controls
to assume a position near or toward neutral for some
time before attempting recovery.

9. The enlarged h and raised stabilizer arrange-
ments had slight effects on the flying characteristics
of the @lane in normal and acrobatic maneuvera,
but none of the changea were considered undesirable
and some were considered desirable.

LANGLEY MmIOnLALAERONAUTICAL LABORATORY,

NATIONW ADVISORY ComrmrE E FOR &4RONAUTIOt3,

LANCILEY J?IELD, VA., J’ebrtm~ 12?, 19$6.
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TABLE I.—PROPERTIES OF AIRPLANE

Tafl sorfacxi

Test nO.l

Fln Rudd= E1timbmab&d

Ladfng !’w’

Pgmd8
1.5R:1,~ 3, 4._.. B-4 . . . . . . . . ..-..-. 134----- B-2--------------- Appmte timed
16R: 1,~ 8, 4---- ._..do ... . . . ------- ._do ....- ..---do— ---------- -.-..do—---------------
BE: 7,& 9, lo---- . . . ..do ------------- .-.do ----- .----do—----------- -----do. J---------------
nR: 3,6,7-. . . . . . ..-do ------------- . ..do---- -. . ..do ------------ Noti ---------------
27fU &4, 6, 6---- . . . ..do—------------ --- do_... _...do _________ NorrnaI+radbh-aft_
?#3R:1------------ _-..do ------------- . ..do—-- ..---do ------------- Cfiar O@@L---
~o $-:. _....._ ..-..do— ---------- . ..do—-- -----do.. ----------- -----do— -------------

-.-..--.- . . . ..do. ..__. _... ..-do_- ---- do—---------- ..---do— --------------
36R; ~ 4. . . . . . . ..- . . . ..do ------------- . ..do ----- -----do ------------- -----do—---------------
37R: 1,3,6. 7----- . . . ..do ... . . -------- . ..do---- .----do— ---------- -----do— --------------
47R: 1, !A3,4. -... B-3-. . . . . . . . . . . . . . B-3----- .-...do ------------- NomaI+mM-l-raft--
49R: 1 % 3,4___ . . ..-do._ . . . ..-..-. --do----- --...do— ---------- - Ovarlmd---
491t:4J.-_.-...-. . . . ..do...--- . . . ..do---- ----.do ------------- .----do— -------------
40R: 6.__ . . . . . . . -...do. ----------- . ..do ----- -----do—------------ .----do ----------------
~9:R&’-...__ --- .B..do__.__... . ..do___ ---JO------------- -----do ---------------

;? #,y:::::: . ..>>-_.::::::: .%:x .“.%YU!!YK 2.%!2!!?:??:
. . . . . . . . . –_..do— . . . . . ..- _-do ....- .._.do ----------- ..--.do ------------

~R; a,n- .... B-z--------------- B-2 ~---- B-2--------------- A~Ptimte cmriar

71R: 11’---.._... - .-.. -do. __ . . . ---- ---do.~-.. -_.-do ------------- .---do.. —------------
73R: 1,3, 6j 7, 11.. B* . . . . . . . . . . . . . . w ~--.- MoWod elevator Carrfor ovarlwd -----
nR 11’.. --------- . . . ..do__ ._... -- _-do.8--- -... -do------------- ..--. do—--------------
F3R: 1 & 6, 7,9-.. B
S3R:~.-.. ...--.-- ..-%ti no” 3--

. . . _.do_ B-2------------- ---. -do----------------

S6R: 1,& 3... -----
0.-.. . . . . . . . . -do.. - ..-.. do--------- ..-.. do_. ----------

B-4nenkal . . . . . . . ..-do_ .-.--do ------------ Normal+radio+raft .-
D35R 1,& 3------ . . . ..do_-.-..- . -_do- ----.do— ---------- . . ..-do— -------------
67R: 2_... ___ . . . . -_-do-—. . . . . . . . -do- ._.-do--—--------- ..--.do— ------------
WR: 1,2,3. -.. . . . . .._.do ... . . . . . . . . . -do- -._.do ---------- ..-..do—--.-------––––
AIWR:1,23----- . . . ..do— --------- .-.do— --.--do ------------ -–-. -do-------------
96R: 1,2$3.—--- B; nmt.+tln no. ._do—- ._..do_.__ . . . ..- -.-.. do-— -------------

OIR: l._.. _____ B-2--------------- B-2----- .-.--do— --------- --.--do ----------------
~R: 1,% 3-------- -__do ---------- .--do———.-.--do— -------- --... do----------------
06R: I----------- B-2nenlxaL._._ _-do- ._--do -------- --.-.do— ------------
B06R: 1,% 3----- ..-.do . . . . . . . . --- do_- .._.do ...._. ----– .----do.. —------------
9.5R:1’. . . . . . . . . . . . . ..-.do—–- . . ..-. --.do ----- ..---do— -------- ----do -----------------
00R: 1,& 3. . . .._- B-4 nenkal ------- B-4----- ..-.. do--------- .-.--do ---------------
07R: 1. . . . . . . . . ..- .._-do._ . . . . . ..- ---do— .----do— --------- --.--do— ------------
A07R: 1,% 3.-... . . ..-do .. . . . . . . . . ---do ----- -.---do --------- -----do— -------------
AMR: 3—___ . .._do ---------- _-do-— -----do --------- -----ti-------------
A16iL?.._.__. .._.do_._._.._- ..-do–- B-% bfghpreition -----do -------------
N6tti 2, 3_____ ..---do__..-..-._ _-do- -----do—-— ------ -----do— -------------
A103L: 1,3.. .._.- ..-. -do—---------- ..-do———_-----do— -------- -----do ---------------
AIOSU 1 23 —. ..-. -do— ------- _.do...- -----do --------------do— --------------
l@3L: 1,!i, d.... _- .._-do _______ . ..do—.- -----do ------------ -----do ---------------
N07R: 1 % 3.-... . . . ..do _________ .-.do.—. -_--do--— -------- ----do--. ------- . . ..–
112R:1,i 3. . . . . . . ._..do...____.. . ..do—-- B-~ti~adfata ---. -do----------------

lLUJ 1,!2#3..._.. . . . ..do__ . . . . . . ..- -_do_ _-::dO-:-l ------ -..-. do---------------
B114L: 1,% 3---- ._.-do- . . . . .._ _.do-_ __-do ---------- ..---do.. —------------
E114L: 1 2, 3—.-. .._-do. —-..-..-- _-do-— .__do ..-... ___ .-.. -ti---------------
116L:1,d, 3.-__. .._-do._- . . . .._ _.do_— _.-J-lo— ----------- . . ..-do— -------------
lL5L: 1,2,3 . . . . ..- _._do- .. . . . . . ---- -_do-— .-.--do— ---------- . . ..-do— ------------

A

NW
{&&

1:OU

i%
1,073
1,132
1,132
L 132
1.132
1,132
Lo??
1,131
1,131
1,131
L Ml
1,07s
~g

1:L?4

2%
1,132
km
L 123
Lms
1,073
1,m
1,073
1,073
Lm

L077
L077

;: E
L077

W
1,67S
L07S
LW3
Lm
1,W3
1,m
1,Q2a
1,W
Lo7a

1,678
1,m
L078
1,078
1,m

B

S!W
f&l
Lma
1,S70
1,376
1,S31
1,S76
L934
LE34
1,934

?%
I,wl
l?m
1,m
1,SW
L3W
Lw
1,sea

?E

1,S%3
1,624

?Z

%!
1,676
1,376
&m

k~

1,627
1,827
1,327
1,ST?
1,m
L 376

1%
1,376
1,w
1,SW
1,W6
L&Xl
LSX3
Lmo
L em

1,S76
L S76
1,676
L 376
1,3i6

-

0

E:
24.3
3L 1
3L2
34.6
34.6
34.6
34.6
346
326
3L0
34.0
340
3L0
332
23.2
3a2
34.1

3L1
34.4
344
Wo
Mo
ml
232
33.1

E;
34.1

a3

H
323
223
33-2
m2
W.2

%2
=4
a4
33.4
2a4

%

23.2
23-2
33.2
2&2
33.2

IForaUtlfgbtathro hWC4thomotorwasidlfn at525r.
i Nommf cmtmlmt%g forsteadyspln W: Stl~ baok a~n~f~#tib,%%~%%sYk@%%m%~%~ normaf omstatei
JFnrocbnti was rmrrovedfor this tR@t but oqufvalant bt rwd.
{ b[odltkl elevabmhadmma arm but plan fomr wasaJ@mdti @m lessmddar shfafdlngin mdn.
Jhfaxfmnm redder throw w fncre%?d to 34°b movfng tbamddar stopx Normaf maxfmrmrthrow W- ~“
~Rudder throw via.!irmwsed to 25°rxdncmodfh elevatcmand movlnamdderatorm

Control setting

A&&Ivitb spin.
.mmmmydnstdnstsph.

Norn# “
Do:
Do.

Rudderrammed.
Norrnd
RudderrOVMSed.
N%.

Controisnmtrd.
Normal.

Canb-ok nantrof.
NorrnaL
C0nbwL9neutraf.
NormaL
Controls nontraL
Stfok ;{ fnlf forward.
NmmaJ.
pfllrovarmd .

Do.
Do.

Do.
lln.—-.

C4nDdisnentraL

Ad&W-Itbspin.
Allam#?5funagalnsL

AR& with spin.
AJlaronsslfghtiy rtght.
#Jldlu 35full ML

Stick fo%arrf.
~o~agofnst s@.

Do.

Std’+m.
A&oem&ssp.
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TABLE H.—INSTRUMENT DATA

If’p
‘1— —

49,,,

ASS
AFS

30H
30B
$6

151U1.-. _____ ]
15R2_._..._--
15R3-...-.__.
15R4________
l’JRL________
leR2_ . . . . . . . . . .
loR3___ . . . . . .
23R7__.. __..-
BR8-_ . . .._._.
23Ro-...__ . . . .
23R10-._ . . .._-
Xm3--------
Xm5-_.....__.
23R7_______
nR3- .. .._._ . .
nR4__.. -..... -
27R6--------
nR6-..._._._
313Rl__ .. . ..-.-_

–.2---------
.3-----------
2’_________

ocusL. ._... _-
2JRL----------
.37R3_._..._.-.
37R6----------
37R7--------
“-A L_.. _.-.._.

‘R2-_.._ . . ..-
R3---------
‘RL----------
IRL------

5tie._-__-.
49R3_._..-._..
49R4-_ ._._... -
49R4’-----------
49R5________
49R5’—_______

“IV& -------
~.------,

A5SR6--._l._l
g9] l.__. ____
Wd---------
59Rll_._..-._.
fiRIJ_.-.._--.

— ---------
71R11-_.._-..
~l;L’. ___ .. .

— . . . . . . . . . .
R3—--------

7—. ----- . . . .
lbll-- ._..._-
~41’-_ . . . ..-_

---------
Id------------
R5_.. --_...

&3R7_..-..-.._.
--g—- . . . .._-

B’.. ______
lLl-. ._- . . ..-
~.._ . . ..__

—.-.-.-----:! I

731
E31tL_..-
s3r-
631

K3RS,w
We—.-.-..-]

wd@&

LW
L95
LW
202
262
L94

;E
L90
L 91
2.09
!l 10
207

k:
L97

H!
204
2M

:2
220
217
218
212
L02
L94

i%!
2W
212
2U9

2;

;B
L 91
1.76
LE2
L81
L 81
L@
225
1.87

;:
201
21m
204

%1
223
2M
LB9
1.95
L 91
L 91
241
219
211
207

radJg

. lW

.164

.164

.196

.207

.164

. In

.2m

.ms

.Im

.236

.217

.239

.114

.182

.114

.171

.Ea6

.110

.251

:2
.33S
.m
.171
.=
.160
.1139
.124
.160
.040
.m
.Wa

i%!

i%
-175
.340
.223
.213
.252
.213

-: z
. ova
.543
.153
.136
.165

–. 019
.128
.073
.3M
.289
.193
.310
.214

::%

-.644

r

a &512 o.ml ;.
.0147

-: %% .W@2 L33
-1 ~6 :g

:E
. 6U0 .1101 L3U
. Om . ml LS3
. W74 .m L 31
.m .W L 40
. Olm .m23
. @Zll .Wto ;E
.W33 .cfml ;.
.Um3 –. 6401
. on .axa L30
.U62s –. m L 31
.WU7 –. 0701 L 34
.m –. m
.C560 –. ms3 ;:
. OIKI .W&3 .
.U33s –. W75
. CB1O–. C5.5s ::

-.0178 –. 643! L39
-. w –. 0416 :.
.0121 –. 0167
.0172 –: ~ :3J
.W
.m -w i 31
.Ws9 .0133 L!M
. Ml .0142
-w . 0L94 W
.- .0127 L 31
.WO . ml L~
.W23 . llm L=
.03S6 –. m
.U345 . ml ::
.0173 .04.39
.oi48 .CQ46 H

:E %J ?:
-.0191 L23
-. W&4 .0311 LE3
-.0391 .0568 L32
-.0328 . Km
.Oml . W17 W

-. m4 .W26 L 59
-.640.5 –: fg ;fi
-.0314
-. Q312 .1427 L49
-. m .0110 ;.
-.0577 .0116
-: ~; L 37

%%!
-.0139 .W3 :%
-. m .Wm3 :.

.0618
-: % ~~ L 31
-.6216 L23
-. W34 .Oam L39
-. Mm . 16s5 L 37
-.0367 .0477
.0129 –. 0129 1%
.0123 –. ccm 1.23
.0247 –. mls L3J

vati-
Cddv;

J-ye&

117
llel
124
113
m
117
107
107
107
KB
ml

%
lls
Ho

;E
129
l%
126

%
127
125
lm
m
113

;H
lls
111
lls
lm

1%
116

;$
116
110
llo

;%
114
127

H
I&!
la
129
m
117

H
114
114
114
114
112
Q6
95
!33

T6st
no.

-----IB83R1___
B85R2______
B&R3______
~R2_____--
69Rl ---------
8oR2--------
8oR3______
A&3RL ______
A@R2______
AMm3------
W1l---------
wR2______
sW12---------
91Rl --------
!22RL --------
ma-.--.-–.
mR3--------
05Rl--------
06R1’______
B93RI ------
B05R2-_-..._
BW33______
WRL---------
!MM_______
uOfu---.----...-

%’Rl ---------
A97RL _____
A97RL _____
A97R”
A96Fc
AWR3.
Alw-

3-------
a------

&.-.---—

tLL_____
AIML2. -- . . . .
AlML3______
AlCr3LL_____
A163Hl-----
A105LL _____
Alc5L2------
AIIUI&L.-...-
106Ll--------
1ML2______
lc@L3_______
A107RL._-._.. . . . .

li3---__--
L______

!L2--------
8L3--------

X__... -
l14L2_____-----

A.._ . . ..-
!LL-._._.-
-82------
lL3------

116LL______
l15L2______
1157A______

An@arllarwitY IAmokrometw m
cormctmlto c.

‘y%j
RI
L92
L83

H
1.53
L78
L 74
1.76
L73
L 76
L62
l.rt

kg
250
250
Z26

iti
Zim

H
L’J6
l.w
L83
202

–: g
–L 60
–L M
–L 77
–L 66
–223
–218
–2 la
–L 70
–L 71
–L 64

1.76
1.76
1.7-I

H

–; U
—1.7
–L S3
-262
-232
–z 34
–245
–2 w
–2 m
–L 82
–L 73
–1. n
–L 89
–L 78
–1.74

rad.lam.
am
.017
. lea

L 404
.071
.W3
.073
. ml
.014
. Ma
.m
.216

:%
–. w

.2?.5

. la5

.181

.014

:%
.52.9
.613
.7E9
.7m

–. 214
–. 072
–. cB5
-: g

.M7

.227

.4!m

.357

.131

.176

.255

:%

–; E
–. 0!i3

.623

.016

.010

.243

.174

.219

.400

. t:

. Z1’a

.341

.270

%
.401
. Ha
.104
.116
.766
.678
.802

“d;:
z 10

2:
232
227
215
2.09
219
2m
20-2

k:
223
216

kz
250
235
;:

222
226
231
ZZ3
241
23s
217
123

–i 8
–227
-218
-217
-224
-2.64
–2 m
–258
–221
–2 C9
–217

!217
212
2m
219

;:
-224
=;:

-259
–2 m
-2 M
-274
-2.74
-z 67
-218
-217
–2. 16
–2 s
–234
–2 %

P q r
.x &-
m7 m9

— — .

-0.0424
–. 0334
–. 0649
–. 0953
–. 0m5

.0046

.Im4

:l%%
.6!234
.am
.0255

-: z.ole6
-.0157
–: ~

–. W19
-. m
–. 62?3
-.0271
–. 0118
–. 01s4
-: o%

–. 0247
–. 01s9
–. m
–. 0110
–. mm

.W3a

.CQ44

. G216

: w%
.03W
.0411
.0244
.0429
. 640!
.6?46

%%

–: %?!
–. 2359
–. m
–. 2767
-. m
-. 2s35
-. 2?83
–. 4W4
–. W4?3
–.4210
-. 417s
-.419’2
-.2183
-. !2234
–. ‘E37
-.2934
-.2247
–. 2344

-a 0m2
-.0165
–. Cm-25

.2337
-. m19
-.0244
-.0047
-. m
-. 02M
-. m

.W39

.62M

. a349

.0113
–. w

.0123
-: g;

–. a352
.0162

-: g

. 10R

.m

-: %
-.0184

-; ~m

. 112%

.0472

.WW

.0403

.Wo4

:%%

:%
. Wl
. C447
.0582

-. 64s9
–. 0450
-.6491
-. W-M
-. W70
-. m

; g;

.0149

.0270

.U349

.0z47

.Wa4

. a549

.0314

.6476

.0491

.64W

.0061

.m

.m&l

g
m9

L36
1.2d

k:
L 32
1.32
1.34
L 32
1.23
L 37
L 27
L 31
L 31
1.22
L26
1.31

:: E
1.42
L 48
:$

i20
1.23

;~

1:25
L 32
L 23
L 25
1.19
L 18
L 22
L 21
1.23
L 10
L 24
L 31
L 22
1.25
L a

i: E

;::

:$
L63
1,49

;:;
L 76
L 70
L 72
1.07
L73
1.47
1.46
L 43
L 62
1.47
1,40

Vertl.
d W
Ioclty

1R, riglrbhand spin; L, lelt-hand spin.
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TABLE ICL-COMPUTED DATA

Tat 110. Ifl I Y

.
–SK 4
-w 1
40
-35.2

–84 7

2:

+3.8
-s3.2
-m.4
-Ea 1

–34 o
–84 7
–34 3

-85.1
-85.2
–s51
–84 9

-%:

-85.9
-m.6
–85 4

–S& 8
–8.58
-856
-m. 2

–86.2
-8’9.2
-80.7
–8S 8

–w o
-2A 4
–ffl3
–w. 6
–&o
–m. 1
–S& 3

–85. 5
–34 6
–84 4

–84 6
–34. 6
–w. 3
-347

*4
-84.7
–84 6

–36. 8
-85.2
-ml
–25. 4
–84 1
-346

–8$. 2
–84 8
-8&O
-343
-840
-m 7

-3s 9
-85.9
-356

-841
-842
–84 1

v

l-L&.4
117.4
ll&4
124.4

113s
119.6
117.4

107.6
107.8
107.7
lM. 8

lm. 6
Im 6
I&5

1124
lm.4
116.4
1124

lm. 4
lx 3

H:
12L4

127.3
12h3
lm. 3
lm.4

113.3
113.2
:;: :

HL 3
Ilae
la 3
107.3
la 5
Il&3
1328

lllL4
llIL 6
ll&6

Ho.5
la 5
109.6
1146

127.4
~g~5
la 5

12?%3
12L4
lm. 5
1224
117.6
125.6

1144
114.5
114.4
114.6
11L6
1127

!25.4

E:

10C9
106.8
104.6

a
IVR z“ Radfus

Fed
3.3
3.6
se
3.7

X6
z?
3.6

4.3
48
4.7
&l

&e
%3
X6

%4
%4
3.6
3.5

;;

&o
26
3.1
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TABLE RI-COMPUTED DATA-Continued
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.99

.8$

ig
LM

.W

i:

.B

.W1

.f@

.28

.99

.ft9

1
87R2__..––.–.––

(yQ&

La
L33
L34

L32
L23
L37

L27
L 31
L 31

L 23

L26
L31
LB
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47.7
47.8
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3.12
3.12

Alo4LL ------ –26s
Alo4L2------- –2 m
Alo4L3------ –267

A103LL ______
Ala3L3--------
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. . . . . . . . . . . .- ..-. . . . . . . . . . ------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Do.-...-. . ..-do ... . . . . . . ..-.do.-.- . . . . strlipa 6: . . . . . . . . . . R.....
If ::::::::::: ::::::::::: . . . . . . . . . . . . . . . . . . . . . . . . . . . ------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . 17 . . . ..-. . . . . . . . . . ..-.-.. . . . . . . . . . . -: . . . . . . . . . . . . . . . . . . .
L..... 1}4 : . . . . . . . . . . . . . . . . . . . . . . 2’): 110. . . ..-. . . . . . . . . . ..-.-.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-

FINAL TESTS-EXAOT SPEOIFIED LOAD (WITHOUT PARAO13?JTE GEAR)

I I I I 1 I I i I I I II I I

F4B-2 . . . . . . . . F4B-L . . . .

Do-. . . . . . .-...do.. —....

Do.. ----- . . . ..do..— . . . .

F4B—3----- F4B-3...-..-.

Do.. . . . . . .--do . .. . . . . .

Do-.–.-.. .-.-do -...-..

Do.. . . . . . . . ..-do_- . . . .

F4B-4----- F4B-4-_ . . . . .

Do ..-..-. . . ..-do .. . . . .

Do----- . .--do. . . . . . . .

Do.- . . . . . ... ..do_..~ . ...

Do ..—... .-.-do ... . . . . .

Do-—-.. . . ..-do .. . . . .

F4B-2_._ . . . .

1

Cerrfor overload__.. L:-:--. .

Modlfled _.-.. strfppea_ . . . . . .._. :--:--. . . .

. . ..-do.—..... Oori-feroverlcmd_... :-----. . . . .

P4B-2—-. . . . strapped............ :-:-::.-
. . . ..do ...._-.. Normal . . . . . . . . . . . . . . L-----.—.

.-.. -do_ .. . . . . . Nm+rodfo+mfL ~-----. . . . .

. . . ..do_— . . . . . Oorrlel’OVWIOWL. ... . ;----. ..-.

. . . ..do ... . . . . . . strlppod..--....... $:---. ...

.. ..-do_...- .. . Nonnol.._- . ... .._. &-;. ..

.-.. -do..... ... .. Normol+mdlo+m[t_ ~----. . . ..

.--do. . .. . . . . Oori-foroverkad-... ~:::::

[

Mod’ fled_ . . . . . strfpp3d..- . . . . . ..- :----. . . . .

.-.. -do... . . . . . . Normel ---------- ;----------

\
174 ..-.-.. . . . . . . . . . ..--... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
174 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
10 ..-..-. . . . . . . . . ..--... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-

1‘1! ‘------ ‘------”- ‘------ “---” ----- ‘--------i--
. . . . . . . . .

122716 ::::::: ::::::::: ::::::: . . . . . . . ..-
. . . . . . . . . .

!‘$~! ::::::: ::::::::: ::::::: :::::::::: ;2 ,,J

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

111,19.:::::: ::::::::: ::::::: ::::::::::
[

11 18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
9

;~ ~~

19,19, 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
b~ ------- --------- ------- ---------- ------------ ---------
l& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

;1
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

17,18. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
17,1 .. ----- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4119:17:::::::::::::::: ::::::::::::::::: :4% 2H: w

17,~lo . . . . . . . . . . . . . . . . .. ----- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Iolli)

lm, li,17 :::::: ::::::::: ::::::: :::::::::: :::::::::::: :::::::::
1&17, t7 . . . . . . . . . . . . . . . . ------- . . . . . . . . . . . . . . . . . . . . . . ---------

1W+Jrp Me atlemneagrdnet ml.
dPare u removed end eqrdvrdent hollaet snkatltntod,
7Mndo to detmulne efkd of SPW of rudder dfsplncomenk No remvorg durfng nurotw of turnsshown.

,



TABLE IV.-SUMMARY OF SPIN RECOVERIES—Continued

TAIL SU1{FACES

I I
NUMBER OF TURNS REQUIRED FOR REOOVERY

Alforonaneutral, rudder mrti Stfok fO~Ord, EJ3dva,~mn~#m,

ADINCl SENSE rudder mvamd ‘Uddw ‘on-
I I Stfok frmi rl..L,. n~”,.~,.

LO, ----- -------

Fln Rudder Elevator rudder y&&y ““f”;=
Stfok forward Stfok baok St[ok revord AU* Alforens St[okneutral WI# AfMOtine A&Ller&R

~~ egetnst baok

F4LH-...._ F4D-4 . . . . . . . . Mcdiflod . . . . . . .

Do .._ . . ..l . . . ..do- . . . . . ..l . . . ..do-- . . . . . . .

F4~”~-~
{~it’~),

} do-.. . . . . . . . . . .

no. L

)

. . . . . . . . F411-Z..- . . . . .

F4’’~g, & fln ----do -------- -.---j. ---- . . . . .

I do . . . . . . ..l . . . ..do . . . . . . . . .Do. . . . . . . . . . . . .

“ii,& ‘n }----do--------. . . ..do-- . . . . . . .

Do . . . . . . . . . . . ..do . . . . . . . . . . . ..do-. .-..-..

F4B-4- . . . . . . . -...do.- . . . . . . F411-2,rolecd..

Do . .. . . . . . . . . ..dO.. .....l{Fg;~atiJ~

FINAL TESTE-EXACIT SPEOIFIED LOAD (WITHOUT PARAOEUTE GEAR) -Oonttnued

{
Normal+redlo+mft.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . .

1- Vk , 2W’; :$[~ ;:=: :=:::: :=: :::::::::: ::==:: =:::::
F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . ..-
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

“j ‘“~ zj =i !: : : 5 g ;

. . . . . . . . .

. . . . . . . . . . ::::::: K-i--i -;W ‘MWG ----”---””*-- “-----”--
1,2 .. . . . . . . . . . . . . . . . . , , ,,

. . ..do . . . . . . . . . . . . . . {:::::: . ..- . . . . ...!... 1,1,6, WWW iltl!i ;It M 4?’4’4 ::::::::::: ::::::: IIt ; ::::::: ?$:11 “WI!! ;:;

:Zd=:z:%g?i?$!n%;i%i. 4 Skdy ~h k fdkolld with 8Phl.
1.9tmd y spin bes eIlamna with auln. Ibmovary depondn on spwrf of rudder dfeplamment.

$ Stlok forward 2 turns belom rudder wee ravem=?d

,


